This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 95/21948 


C23C 14/04, 16/04 


Al 


(43) International Publication Date: 


17 August 1995 (17.08.95) 



(21) International Application Number: PCT/US95/01647 

(22) International Filing Date: 9 February 1995 (09.02.95) 



(30) Priority Data: 

08/194,225 



9 February 1994(09.02.94) US 



(71) Applicant: THE COCA-COLA COMPANY [US/US]; 310 

North Avenue, Atlanta, GA 30313 (US). 

(72) Inventors: PLESTER, George; 1424 Chaussee-de-Mons, B- 

1070 Brussels (BE). EHRICH, Horst; 71 Buchenhofe, D- 
46268 Dorsten (DE). 

(74) Agents: BIRCH, Anthony, L. et al.; Birch, Stewart, Kolasch & 
Birch, P.O. Box 747, Falls Church, VA 22040-0747 (US). 



(81) Designated States: BR, CA, CN, CZ, FI, HU, IP, MX, NO, 
PL, RO, RU, European patent (AT, BE, CH, DE, DK, ES, 
FR, GB, GR, BE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title- HOLLOW CONTAINERS WITH INERT OR IMPERMEABLE INNER SURFACE THROUGH PLASMA-ASSISTED 
DEPOSITION OF A PRIMARILY INORGANIC SUBSTANCE 

(57) Abstract 

A plasma assisted deposition of a very thin inner surface coating inside a 
plastic or metal container is achieved using insoluble, inert, inorganic substances 
such as silica, or insoluble metal oxides, or by using mixtures of substances, for 
example of metals, metal oxides, metal salts and carbon and/or organic radicals, 
so as to form a flexible structure or lattice, or by using different layers of such 
structures. It involves locating the container in an evacuated enclosure, placing 
a vaporizer containing inert inorganic material of a predetermined constituency 
inside the container, generating a vapor of said material, forming a plasma 
of said vapor, and depositing a relatively thin coating of said material over a 
predetermined area of an inside surface of said container, whereby the high 
temperature of the particles of said coating penetrate said surface due to their 
heat energy while causing no overall rise in surface temperature because of the 
low mass flow. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


.France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 95/21948 



PCT/US95/01647 



HOLLOW CONTAINERS WITH INERT OR IMPERMEABLE INNER 
SURFACE THROUGH PLASMA- ASSISTED DEPOSITION OF A 
PRIMARILY INORGANIC SUBSTANCE. 

BACKGROUND OF THE INVENTION 

This invention relates generally to hollow 
containers with inert or impermeable, i.e. glass-like, 
inner surfaces and more particularly to such 
5 containers produced by a plasma assisted application 
of a thin internal coating comprised principally of 
one or several inert inorganic substances, or layers 
of substances, such as silica or corrosion-resistant 
metal oxides or metals, and which can include carbon 

10 or an organic component to provide additional 
elasticity, where necessary. 

Plastic and metal containers have been replacing 
glass in many applications where easy handling, low 
weight and non-breakability are needed. Where metal 

15 is used, the internal metal surface of the container 
must often be coated with a polymer to avoid contact 
of the packaged content with the metal. Therefore, in 
the case of plastic packages, and also in case of many 
metal containers, the contact surface with the 

20 packaged content is a polymer. Polymers to date have 
had varying degrees of inertness to the packaged 
content which differ from the inertness of glass. In 
the case of food packages, surface inertness helps 
diminish potential desorption of packaging material 

25 components into the food, to prevent flavor- 
absorption, to avoid loss of food constituents through 
the package walls and to avoid ingress of air or other 
substances from outside the package. All these 
characteristics of inertness apply to plastic 

30 containers; however, some of these characteristics 
also apply to metal containers which have been 
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internally coated with a plastic or lacquer system. 

Refillable plastic packages add a further 
dimension to inertness requirements because these 
packages must withstand washing and refilling. Such 
5 containers should not absorb contact materials such as 
the washing agents or foreign materials stored in the 
container. 

Recycling is yet another dimension with mass- 
produced packages. The reuse of recycled plastic for 

10 same purpose, that is to produce new containers 
("closed-loop" recycling) is an issue which has 
attracted much attention, and for PET, this has been 
achieved to date by depolymerizing the recycled 
material in order to free it of all trace 

15 contaminants, which might otherwise migrate and come 
in contact with the container content. An impermeable 
inner layer, which is the purpose of this invention, 
would enable recycled material to be reused directly 
for new containers, i.e. without special treatment 

20 such as depolymerization, since traces of foreign 
substances could no longer contact the container's 
content. This would simplify the "closed-loop" 
recycling process considerably by obviating the need 
for depolymerization. 

25 Furthermore, recyclability within established 

recycling systems, both "open loop", i.e. recycling 
for other uses, or "closed loop", i.e. reuse for same 
purpose, is necessary for any mass-produced package. 
In "open loop" systems, the normal method is to 

30 separate, clean and chop up the plastic into small 
flakes. The flake is then either melted and used for 
molding other objects, or for fibre production. For 
this form of recycling, it is important that any 
contaminant to the main plastic, such as a coating, 

35 should effectively be present in negligible quantities 
and, preferably, be solid and insoluble within the 
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molten plastic so that it can be filtered off prior to 
sensitive applications, such as fibre-production. PET 
is also recycled in "closed loop" by depolymerization 
and it is important that the coating material should 
5 be unchanged by this process, be insoluble in the 
monomers resulting from the process, and be easily 
separable from these monomers. An inert, thin 
inorganic coating fulfills these criteria. 

Packages utilized for carbonated beverages are 

10 also pressurized and must withstand considerable 
mechanical stress in handling. It is therefore 
difficult for a single material to provide the 
necessary mechanical stability and the required 
inertness. Current plastic packages for carbonated 

15 beverages either consist of a single material such as 
polyethylene terephthalate (PET) , or are comprised of 
multi-layer structures where the middle layers 
normally provide the barrier properties and the outer 
layers provide the mechanical strength properties. 

20 Such containers are typically produced either by co- 
injection or co-extrusion. 

To date, plastic containers with an impermeable, 
dense "glass-like" inner surface have not been able to 
be produced by conventional methods. Prior art is 

25 typically comprised of a coating of plastic film using 
silicon oxides or silicon nitride. However, no method 
has emerged for satisfactorily coating the inside of 
bottles or cans, or for providing the degree of 
surface inertness described. 

30 SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to 
provide an inner coating or layer for plastic or metal 
containers, but particularly for refillable plastic 
containers used for carbonated beverages and having 

35 the following properties: glass-like impermeability to 
polar and non-polar substances; elasticity so as to 
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' maintain coating integrity both when container walls 
flex or stretch under pressure and when walls are 
indented; adequate durability and adhesion, during 
working life, when the inner-surface of container is 
5 rubbed, scuffed, or abraded, for example during 
filling, pouring or normal use; good transparency so 
as not to affect the appearance of the clear plastic 
container; resistance against high/low pH in case of 
refillable containers for carbonated beverages; safe 
10 contact with food for contents such as beverages; and 
recyclability of container material without adverse 
effects. 

The foregoing and other objects of this invention 
are fulfilled by a method and apparatus for plasma 

15 assisted deposition of a very thin, typically 10-250 
nm, inner surface coating in a plastic or metal 
container using insoluble, inert, inorganic substances 
such as silica, or insoluble metal oxides, or by using 
mixtures of substances, for example of metals, metal 

20 oxides, metal salts and carbon and/or organic 
radicals, so as to form a flexible structure or 
lattice, or by using different layers of such 
structures. To enable coating of heat sensitive 
plastic containers with coating materials which can 

25 only be vaporized at very high temperatures, the 
invention provides for coating without unacceptable 
increase in plastic substrate surface temperature. 
Plasma assistance enables penetration of the coating 
beneath the plastic substrate surface or for formation 

30 of free radicals for good adhesion between coating and 
substrate . 

Furthermore, the method described herein enables 
surface pre-treatment for additional free-radical 
formation and surface cleaning, before coating begins, 
35 if this is necessary to improve adhesion. Further, 
the method described provides for mixtures of 
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substances to be deposited thus forming a lattice 
which by virtue of its varied composition can provide 
the complete range of high-quality requirements of 
impermeability, flexibility, adhesion, inertness, 
5 transparency and durability. 

The form of deposition, which provides for 
approximately 90° approach angle of plasma particles 
to surface and moves plasma source relative to 
surface, helps avoid that surface 

10 imperfections/unevenness can lead to gas inclusion or 
. porosity and also uses plasma energy to full effect 
for producing an even, dense deposit. This is 
additionally assisted by the control of rate or 
deposition and of plasma quality, by inclusion of an 

15 inert gas. 

The method described herein also enables that gas 
inclusions and porosity can be avoided by coating the 
primary structure or surface-lattice with further, 
different structures, since these can be designed to 

20 fill gaps, which the original lattice sometimes leaves 
by tending to build on its own foundation. The 
apparatus described furthermore enables an after- 
treatment, with appropriate inert or reactive gases, 
so as to rearrange the surface of the deposit and 

25 further reduce gas inclusion, if necessary. 
Flexibility and transparency are ensured by applying 
a very thin deposit in a controlled manner. 

The method of coating the inner surface of a 
container according to the present invention comprises 

30 the steps of: (a) locating the container in an 
evacuated enclosure; (b) placing one or more 
vaporizers containing one or more inert inorganic 
substances of a predetermined constituency inside 
container; (c) generating a vapor of said material; 

35 (d) forming a plasma of said vapor; and (e) depositing 
a relatively thin coating of said material over a 
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predetermined area of an inside surface of said 
container, whereby the high temperature of the 
particles of said coating penetrate said surface due 
to their heat energy while causing no overall rise in 
5 surface temperature because of the low mass flow. 

An apparatus for performing the aforementioned 
method steps comprises: (a) apparatus for coating an 
inner surface of a temperature sensitive container 
comprising: (b) a vacuum chamber; (c) a vaporizer or 

10 a plurality of vaporizers containing inert inorganic 
material of a predetermined constituency; (d) means 
for inserting and removing the vaporizer from inside 
the container; (e) means for moving the vaporizer 
while inside the container; (f) means for energizing 

15 the vaporizer; (g) means for introducing a gas or 
mixture of gases into the container; and ^ (h) means 
for forming a plasma of the vapor formed in the 
vaporizer and/ or the gases or mixture thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The present invention will be more readily 

understood from the detailed description given 
hereinbelow and the accompanying drawings which are 
given by way of illustration only, and thus, are not 
limitative of the present invention and wherein: 

25 Figure 1 is an electro-mechanical schematic 

diagram broadly illustrative of the invention; 

Figure 2A is a central longitudinal cross- 
sectional view of one embodiment of a vaporizer device 
shown in Figure 1, and being usable for handling free- 

30 flowing powders; 

Figures 2B and 2C are side elevational and 
central cross sectional views of another embodiment of 
a vaporizer device shown in Figure 1 and being usable 
for certain powders and low coating weights; 

35 Figures 2D and 2E are front and side elevational 

views of a further embodiment of a vaporizer device 
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shown in Figure 1, also being usable for certain 
powders and low coating weight; 

Figures 2F and 2G are front and side elevational 
views of an embodiment of a vaporizer shown in Figure 
5 1 and being usable for separate vaporization of more 
than one substance; 

Figures 3 A and 3B are perspective and top planar 
views respectively of the crucible and inner container 
therefor shown in Figure 2A; 
10 Figure 4A is a central longitudinal cross 

sectional view of the preferred embodiment of the 
invention; 

Figures 4B and 4C are partial central 
longitudinal cross sectional views of modifications of 

15 the apparatus shown in Figure 4A; 

Figure 5 is a diagram illustrative of a method 
implemented by the apparatus shown in Figures 2-4; and 
Figure 6 is a diagram illustrative of a modified 
method according to the subject invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is illustrative of a basic embodiment of 
this invention and depicts a system for coating hollow 
containers, particularly PET containers, which are 
temperature sensitive. 

25 As shown, a high-vacuum enclosure 1 encloses a 

container 2 to be coated. The coating material, for 
example a silicon oxide, nitride or metal is placed in 
a vaporizer 3 within the container 2. A gas supply 
coupling 16, for supplying a gas mixture, for example 

30 oxygen and an inert gas such as argon, is connected to 
the vaporizer 3. The gas is ducted by a flexible tube 
5 and a non-flexible tube 4 to the vaporizer 3. The 
vaporizer 3 is activated by a DC power supply 7 which 
is coupled to the vaporizer by the wiring 6. The 

35 power supply 7 is further controlled to provide the 
required evaporation rate. 
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In order to provide good coating distribution and 
depending on shape and/or size of the container 2, the 
vaporizer 3 may be moved up or down within the 
container 2 and is capable of being rotated, typically 
5 through 30° to 90°. This motion is provided by a 
simple solenoid 8 and pusher mechanism including a 
push rod 9 to which is attached a rotating helix 11 
which meshes with a fixed helix 10. 

The vapor produced by the vaporizer 3 is 

10 energized to form a plasma by applying a high 
frequency potential to electrodes 12 connected to a 
high frequency 13 outside the container 2 and the 
vacuum enclosure 1, A further embodiment, enabling 
better energy utilization and a greater degree of 

15 plasma generation is to connect one terminal of the 
high-frequency generator 13 to the non-flexible 
(metal) tube 4 via push rod 9, thus enabling direct 
contact of one of the electrodes 12 with the plasma. 
A further embodiment , enabling plasma generation at 

20 very low pressures is to connect tube 4 to a high DC 
potential and provide a negative terminal by earthing 
the enclosure 2 so that an electrical discharge 
between the two terminals forms a plasma. The plasma 
thus generated then deposits onto the inner surface of 

25 the container 2. Where a gas supply is needed, this 
gas can also be formed into a plasma and will react 
with the vapor from the vaporizer 3 to provide a 
coating composition different from that of the 
material being vaporized. Furthermore, a gas may be 

30 generated to form a plasma which is used to clean 
and/or prepare the surface to be coated before 
vaporizer 3 is energized and coating deposition 
commences . 

A microwave generator 14, also positioned outside 
35 the vacuum enclosure 1, can be used, when desirable, 
in place of the high frequency generator 13. The 
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vacuum enclosure 1 also includes a coupling 15 for a 
vacuum supply, not shown . Typically a vacuum source 
between lO^inbar and 10~ 5 mbar is utilized. A 

separate vacuum can be generated inside container 2 by 
5 means of an adaptor 17 which seals the container 
opening and is connected to a second vacuum source 18. 
This enables the system to maintain ideal vacuum 
conditions both inside and outside container 2. In 
particular, it enables the plasma generating energy, 

10 which is applied externally to enclosure 1, to be 
utilized only within the container 2 where it is 
needed and not dissipated outside container 2. This 
is a factor which affects the degree of plasma 
generation within container 2 and thus the quality of 

15 deposit. Also, avoiding plasma generation outside 
container 2 eliminates possible unwanted surface 
changes on the external surface of container 2. 

The vaporizer 3 operates at high temperatures, 
typically at the sublimation or evaporation 

20 temperature of the material being vaporized. This 
energy must be reduced to a minimum and confined to 
avoid heating the surface of the container 2. The 
energy is reduced by the choice of material, by 
radiant reflecting shielding, and by reducing the rate 

25 of evaporation. Some materials sublimate at low 
temperature while some vaporize only at high 
temperature. The energy is confined by cboling. In 
this embodiment, cooling is accomplished by gas being 
supplied to connector 16 and/or by cooling water being 

30 supplied via connectors 39 and 40. Evaporative 
cooling is also possible using basically the same 
water connectors 39 and 40. 

The technology described up to this point enables 
the deposition of a high temperature vapor, such as 

35 silica, glass and metal onto a heat-sensitive surface 
without raising the surface temperature because the 
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high vacuum reduces the heat flux at the surface. 
However, the high temperature of the individual 
particles and the positioning of the vaporizer 
relative to the plastic surface so that the particles 
5 approach the surface close to an angle of 90 e , enables 
them to penetrate and "become imbedded" into the 
plastic surface thus providing good adhesion between 
materials such as plastic and silica, where neither 
normally has an affinity for the other. The very thin 

10 coating application (10-250nm) enables flexibility 
even when coating materials used are brittle, e.g. 
silica or glass. The thin coating also ensures 
transparency, even when materials are normally opaque. 
The good adhesion of the coating due to the 

15 penetration of the plastic surface, enables coating 
integrity in spite of flexing of walls. Therefore, 
the system enables plastic containers to be coated 
with coating materials which hitherto could not be 
applied thereto because of the problems of flexing, 

20 adhesion, transparency and above all, application 
temperature. 

The foregoing has been described with a view to 
optimizing coating integrity and has the capability of 
providing the following conditions: coating evenness 

25 over whole container surface by moving and rotating 
the vaporizer; avoiding surface imperfections that can 
cause "shadowing" and poor coating in area of shadow 
and being achieved by the movement of vaporizer; 
avoiding gas inclusions by producing a highly reactive 

30 gas plasma before introducing it at the gas supply 
inlet and by providing control of evaporation rate; 
avoiding dirt inclusion by using gas plasma to 
preclean the surface; avoiding delamination by 
pretreating surface of container to induce free 

35 radicals, where the surface is a polymer, avoiding 
heat damage to the container, e.g. melting/ shrinking, 
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by cooling the vaporizer; and ensuring separate 
control of pressure inside and outside the container 
to provide best plasma assisted conditions. 

Referring now to Figure 2A as well as Figures 3A 
5 and 3B, shown thereat are the details of the vaporizer 
3, A crucible 26, shown in greater detail in Figures 
3 A and 3B, makes electrical contact with an inner tube 
20 and is fixed to an outer tube 31 by a clip 30. The 
electrical contact is made by the inner container 23 , 

10 24 of the crucible 26, which in turn is attached to 
the outer container 51 by a rivet 29. The inner 
container 23 of the crucible 26 has vertical slots or 
vents 25 to enable the outward flow of vapor. The 
outer container 51 of the crucible 26 also has 

15 vertical slots 27 and horizontal slots 28 to enable 
outward flow of vapor. The slots thus can be 
positioned so as to distribute vapor evenly in all 
directions. 

The crucible 26 and inner tube 20 is filled with 

20 the material 21 to be vaporized and deposited as shown 
in Figure 2A. The inner tube 20 is necked-in at its 
base 22 so as to provide a controlled flow and 
quantity of material 21 into the base of the crucible 
26. The inner tube 20 is separated and fixed to the 

25 outer tube 31 by non electrical conducting pins 32. 
The top of the inner tube 20 has a cooling water 
distributor 43 which makes good thermal and electrical 
contact with inner tube 20. A cooling water 
distributor 43 is plugged into the cooling water 

30 connecting pipes 41 and 42 , the connection being via 
tight fitting, non-conducting sleeves 44. The 
distributor 43 also includes a DC power connector 45. 
The outer tube 31 together with the inner tube 20, the 
cooling-water distributor 43 and the crucible 26 form 

35 a single unit which can be easily pulled out, or 
replaced by pressure against fitting 33 and which is 
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held in position by a spring clip 34. This single 
unit thus can be removed, cleaned, refilled with 
material 21 and replaced as needed. The top fitting 
33 includes flow pipes 37 and 38 for cooling water, a 
5 gas inlet pipe 4 and the push rod 9 . The material for 
the crucible 26 is chosen according to the material to 
be vaporized 21 and is high temperature tolerant with 
typical examples being tungsten and molybdenum. 

Referring now to Figures 2B and 2C, they 

10 illustrate two views of a simple variant of the- 
vaporizer 3 which is usable for certain powders. The 
inner container 23 is now a simple folded metal strip, 
shaped in a manner shown by Figure 2B. The material 
21 to be evaporated is placed in a hollow cup type 

15 region at the bottom of this folded strip. The push 
rod 9, the gas supply via flexible tube 5 and the 
power supply 6 are as already described. 

Figures 2D and 2E depict two views of a further 
variant of the vaporizer 3 which is usable, for 

20 example, for metal pieces. The container 23 is now a 
simple folded wire, shaped in the manner shown. The 
material 21, to be evaporated, is placed within a 
cradle formed in the wire. The push rod 9, gas supply 
via flexible tube 5 and power supply 6 are as already 

25 described. 

Figures 2F and 2G show two views of a multiple 
vaporizer 3 which enables more than one material, 
(e.g. materials 21a and 21b, to be vaporized 
simultaneously. The form of each vaporizer container 

30 23 can take any desired form such as a double 
configuration comprised of units 23a and 23b as shown. 
Each of the containers 23a and 23b are independently 
connected to power supply leads 6 and can be 
independently controlled. 

35 Figure 4A is illustrative of the preferred 

embodiment of the invention and, in addition to the 
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crucible assembly 3 shown in Figure 2A located in the 
vacuum chamber 1, includes, among other things, a 
container elevator 60, a vacuum sleeve 61 which is 
fitted with a spring 62, sliding sealing rings 67, a 
5 rubber sealing ring 69, and a vacuum sleeve head 63. 
The container 2 can be pushed upwards by the elevator 
60 until its progress is stopped by the container 
opening sealing ring 65. The container 2 is centered 
and guided by sliding guide 64. The spring-loaded 

10 assembly of the vacuum sleeve 61 is secured by a cap 
68 which also pre-compresses the spring 62 and 
connects to the vacuum sleeve head 63. Pins 67 ensure 
that the sliding bottle guide 64 remains in place. 
The vacuum sleeve head 63 is secured to a bracket 

15 assembly 78 and is adapted to hold the push rod 9, its 
solenoid motor 8, the gas tube 5 and all the other 
functions connected to the fitting 33 (Figure 2A) of 
the vaporizer 3. 

The bracket assembly 78 has a distributor pipe 70 

20 for a vacuum source external to container 2, and a 
distributor pipe 72 for a vacuum source internal to 
the container 2. These members are connected via 
control valves 71 and 73 respectively. Control valves 
71 and 73 enable a vacuum to be applied by a sequence 

25 controller 79 as soon as the opening of container 2 
seals against seal 65, and to release the vacuum when 
the container 2 is ready for removal from device. 

The bracket assembly 78 also has a gas 
distributor 74 which connects to gas pipe 5 via an on- 

30 off valve 75 which is also connected to sequence 
controller 79. Cooling water distributor pipes 77 and 
76 are also fixed to the bracket 78 and are piped to 
the vacuum sleeve head 63. The sequence controller 
79 works on a machine cam and is mechanically 

35 connected to a machine timing mechanism, not shown. 
It also sequences the switching of DC power to the 
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wiring 6 connected . to the vaporizer 3 and the 
switching of the plasma activator 13 or 14 shown in 
Figure 1. 

Where the plasma-generating energy is high and 
5 the temperature-stability of container 2 is 
inadequate, container 2 must be rotated to avoid the 
energy being concentrated on the walls of container 2 
nearest to the plasma-generating sources 12 or 13. 
For example, the container 2 may be rotated within the 

10 device shown in Figure 4 A by the means illustrated by 
Figures 4B and 4C. The base of container 2 rests on 
a freely-rotating steel platform 85, in which a 
permanent magnet is embedded, and which is made to 
rotate by an external electromagnetic field 86 

15 generated by a coil shown in Figure 4C. At the top of 
container 2 as shown in Figure 4B, the sealing ring 65 
is mounted on a sleeve 87, which is free to rotate 
within a recess 88 and is sealed by rings 89. 

Referring now to Figure 5, this figure depicts 

20 the operation of the apparatus. The apparatus shown 
in this embodiment is of the well-known rotating 
"carousel" type, and includes a plurality of coating 
cells which have a vacuum sleeve 61 and a vacuum 
sleeve head 63 as already described with respect to 

25 Figure 4A. In position A, a pusher 80, or other 
similar device, brings container 2 onto the elevator 
60. Container 2 is then pushed by the elevator 60 
into the chamber formed by the vacuum sleeve and 
sleeve head 61 and 63. In positions B and C, the 

30 sequence controller 79 then activates the evacuation 
valves 71 and 73, the gas injection valve 75, 
vaporization energy source 7 (Figure 1) , and plasma 
production generators 13 or 14, also shown in Figure 
1, in the appropriate order for a coating cycle. In 

35 position D, the elevator 60 withdraws and the 
container 2 is ejected. 
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Since certain coating options for container 2 
could involve several layers and coating operations, 
it may be impracticable to carry them out in a 
rotating "carousel" type of machinery.. For example, 
5 Figure 6 illustrates a further embodiment where 
coating times and complexity of coating operations can 
be expanded. There a plurality of containers 2 are 
transported by a conveyor belt 90. A row of 
containers 2 are gripped by grippers 91 and placed in 

10 treatment vessel 92 where they are firmly located by 
the shape of the partitions in treatment vessel 92. 
In the embodiment shown, a pusher 93 raises the 
treatment vessel 92 to a treatment head 94 which grips 
and tightly seals the top of treatment vessel 92. The 

15 treatment head 94 has a multiplicity of all the 
coating elements described by Fig. 4A, in particular 
the rotating vaporizer 3, the solenoid motor 8, cooling 
water distributors 76 and 77, gas distributor 74, 
vacuum distribution pipes 70 and 72. Each individual 

20 container in treatment vessel 92 can be rotated by the 
manner described by Figs. 4B, 4C. 

After the coating treatment, the coating head 94 
moves to a further position to the right where it 
releases the treatment vessel 92 which is then 

25 returned to an unloading position by pusher 95. The 
containers 2 are then unloaded by grippers 96 onto a 
finished goods conveyor belt 97 and the empty 
treatment vessel 92 is now returned by pusher 98 to 
the left so as to receive a fresh load of containers 

30 2 from gripper 91. 

Where there are a multiplicity of treatment 
vessels 92 and treatment heads 94 according to 
specific production needs, the cycle can operate 
either by raising the treatment vessels 92 to the 

35 treatment head(s) 94, as shown, or by conveying the 
treatment vessel 92 horizontally to one or several 
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treatment positions and lowering one or several 
treatment heads 94 to the treatment vessel 92. 

The container or treatment vessel handling 
details, be it in a "carousel" type device as shown in 
5 Fig. 5, or in a linear device as shown in Fig. 6, is 
state-of-the-art technology and therefore incidental 
to this invention. This detailed description intends 
only to demonstrate the principles as illustrated by 
Fig. 5 and Fig. 6. These are essential to enable 

10 containers to be processed by practical means at high 
speed, while giving the flexibility of coating 
parameters required to produce the high quality 
coating criteria described. 

Having thus shown and described what is at 

15 present considered to be the preferred embodiment of 
the invention , it should be noted that all 
modifications, alterations and changes coming within 
the spirit and scope of the invention as set forth in 
the appended claims are herein meant to be included. 
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CLAIMS 

1 1. A method of coating the internal surface of 

2 a temperature sensitive container comprising the steps 

3 of: 

4 locating the container in an evacuated enclosure; 

5 placing a vaporizer containing inert inorganic 

6 material of a predetermined constituency inside the 

7 container; 

8 generating a vapor of said material; 

9 forming a plasma of said vapor; and 

10 depositing a relatively thin coating of said 

11 material over a predetermined area of an inside 

12 surface of said container, 

13 whereby the high temperature of the particles of 

14 said coating penetrate said surface due to their heat 

15 energy while causing no overall rise in surface 

16 temperature because of the low mass flow. 

1 2. The method of claim 1 wherein said step of 

2 generating a vapor comprises heating the vaporizer to 

3 the sublimation temperature of said material while 

4 confining the heat of vaporization to the immediate 

5 vicinity of the vaporizer so as not to affect the 

6 inner surface of the temperature sensitive container. 

1 3. The method of claim 2 wherein said container 

2 comprises a plastic container. 

1 4. The method of claim 3 wherein said plastic 

2 container is comprised of polyethylene terephthal ate 

3 (PET) . 

1 5. The method of claim 2 wherein said plastic 

2 container includes a relatively narrow mouth. 



1 



6. The method of claim 5 wherein said step of 
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2 depositing includes moving the vaporizer inside the 

3 container. 

1 7. The method of claim 5 wherein said step of 

2 depositing includes moving and/or rotating the 

3 vaporizer inside the container, 

1 8. The method of claim 7 wherein said step of 

2 moving the vaporizer inside of the container includes 

3 moving the vaporizer up and down inside of the 

4 container. 

1 9. The method of claim 7 wherein said step of 

2 moving the vaporizer inside the container comprises 

3 rotating the vaporizer through a range of at least 30- 

4 90°. 

1 10. The method of claim 5 and additionally 

2 including the step of rotating the container to 

3 prevent heat energy from being concentrated on the 

4 walls thereof. 

1 11. The method of claim 3 wherein said step of 

2 forming a plasma includes applying a relatively high 

3 frequency electrode magnetic field around said 

4 container. 

1 12. The method of claim 3 wherein said step of 

2 forming a plasma includes applying a relatively high 

3 electrical potential across the vapor formed by said 

4 vaporizer. 

1 13. The method as defined by claim 3 wherein 

2 said step of depositing a relatively thin coating 

3 comprises depositing a thin coating having a thickness 

4 ranging between 10-250nm. 
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1 14. The method of claim 3 wherein said material 

2 of predetermined constituency includes the elements 

3 carbon , metals as well as their oxides, nitrides, 

4 sulphides, halides and/or mixtures or combinations 

5 thereof. 

1 15. The method of claim 3 and additionally 

2 including the step of supplying a gas to the evacuated 

3 enclosure which flows into the plasma so as to react 

4 with the vapor to provide a coating composition 
5' different from that of the material being vaporized. 

1 16. The method of claim 3 and additionally 

2 including an initial step of cleaning and/or 

3 activating the surface of said container to be coated 

4 prior to generating said vapor and depositing said 

5 coating on the inside surface of said container. 

1 17. The method of claim 3 and additionally 

2 including the step of providing a vacuum of between 

3 10~! mbar and 10~ 5 mbar within the enclosure. 

1 18. Apparatus for coating an inner surface of a 

2 temperature sensitive container comprising: 

3 a vacuum chamber; 

4 a vaporizer containing inert inorganic material 

5 of a predetermined constituency; 

6 means for inserting and removing the vaporizer 

7 from inside the container; 

8 means for moving the vaporizer while inside the 

9 container; 

10 means for energizing the vaporizer; and 

11 means for forming a plasma of said vapor; 

12 whereby a relatively thin coating of said 

13 material is deposited over a predetermined area of an 

14 inside surface of said container because the high 
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15 ( temperature of the particles of said material 

16 penetrate the inside surface of said area while 

17 causing no overall rise in surface temperature due to 

18 low mass flow of the particles. 

1 19, The apparatus of claim 18 and additionally 

2 including means for transporting the container to and 

3 from the vacuum chamber. 

1 20. The apparatus of claim 18 wherein said means 

2 for moving the vaporizer while inside the container 

3 includes means for moving the vaporizer up and down as 

4 well as rotating the vaporizer. 

1 21. The apparatus of claim 20 wherein the 

2 container comprises a narrow mouthed plastic container 

3 and said material is selected from the class of 

4 materials including silica, carbon, metals as well as 

5 their oxides, nitrides, halides and/or mixtures or 

6 combinations thereof. 

1 22. The apparatus of claim 20 wherein said 

2 vaporizer comprises a crucible type structure and 

3 additionally including: 

4 means for supplying and controlling the flow of 

5 the material to said vaporizer; 

6 means for controlling the flow of vapor so that 

7 it flows evenly in all directions out of said 

8 vaporizer; and 

9 means for providing vaporizer cooling so as to 

10 prevent the heat of vaporization from reaching said 

11 inner surface. 

1 23. The apparatus of claim 18 and additionally 

2 including means for rotating the container to prevent 

3 heat energy from being concentrated on the walls of 
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